Many research questions in aphasia can only be answered through access to substantial numbers of patients and to their responses on individual test items. Since such data are often unavailable to individual researchers and institutions, we have developed and made available the Moss Aphasia Psycholinguistics Project Database: a large, searchable, web-based database of patient performance on psycholinguistic and neuropsychological tests. The database contains data from over 240 patients covering a wide range of aphasia subtypes and severity, some of whom were tested multiple times. The core of the archive consists of a detailed record of individual-trial performance on the Philadelphia (picture) Naming Test. The database also contains basic demographic information about the patients and patients' overall performance on neuropsychological assessments as well as tests of speech perception, semantics, short-term memory, and sentence comprehension. The database is available at http:// www.mappd.org/.
Proponents of this method claim that it is particularly well suited to establishing the validity of theoretically relevant symptom associations, as well as dissociations (Patterson & Plaut, 2009; Schwartz & Dell, 2010) .
The promise of the case series method for theory development is countered by the difficulty of collecting such data. The primary difficulty, of course, is that of recruiting targeted patients on a large scale. Even in facilities that treat patients with cognitive impairments, suitable candidates are sparsely represented in any single facility, and federal and institutional privacy protections pose significant barriers to identifying and contacting patients once they leave the system. Models exist for how to build a suitable recruitment infrastructure for cognitive neuroscience and rehabilitation research (Schwartz, Brecher, Whyte, & Klein, 2005) . Considerable resources, however, are required to maintain such an infrastructure and to move patients through the steps of consenting, screening, and testing. One can assume that for the foreseeable future, large-scale patient recruitment and testing will remain impossible for most individual researchers and institutions. Data sharing provides a solution to this problem. To that end, we have developed and made available the Moss Aphasia Psycholinguistics Project Database: a large, searchable, web-based database of patient performance on the Philadelphia (picture) Naming Test (PNT; Roach, Schwartz, Martin, Grewal, & Brecher, 1996) and a wide array of ancillary psycholinguistic and neuropsychological tests. The database is available at http://www. mappd.org/.
DATABASE CONTENT Patients
The web database represents years of data collection (starting in 1991 and still ongoing) from patients who exhibited language impairments secondary to chronic left hemisphere stroke. Most were recruited to the research program at the Moss Rehabilitation Research Institute (MRRI) through an institutional review board (IRB)-approved, consent-based recruitment infrastructure we call the Patient Registry. All gave voluntary consent to participate in the research program and to allow the anonymized results of this research to be published. Accordingly, the web database contains no individually identifying information about the patients. Individual patients are listed only by arbitrary codes (e.g., "MR00409"), with only relative time information provided (e.g., "months post onset" and "age at testing").
Patients in the web database were between the ages of 18 and 80 years and were mostly monolingual English speakers (less than 5% reported speaking a second language, and English was the first and primary language for all patients). The vast majority were chronic (.6 months post stroke), and, by clinical criteria, some would be considered recovered (e.g., Western Aphasia Battery aphasia quotient, AQ . 93.8). The broad inclusion criteria allowed for the collection of data from a large and diverse set of patients. Currently the database contains data from 241 patients (mostly anomic, Broca's, conduction, and Wernicke's subtypes) covering a wide range of severity (AQ: 27.2 to 97.9). Some were tested multiple times, allowing for examination of recovery patterns (at least 20 patients were tested 5 times). The database also contains basic demographic information (age, ethnicity, and years of education) and neurological information (months-post-onset, aphasia subtype, and apraxia of speech).
The Philadelphia Naming Test
The core of the database is individual-trial performance data from picture naming. Picture naming is a primary test of lexical processing. The task taps a critical juncture in the language system because naming mediates between highlevel conceptual and syntactic processing and low-level phonological processing. Thus it is not at all surprising that difficulty in this task is present to varying degrees in nearly all aphasic individuals. The PNT specifically has featured in the development and evaluation of an influential model of lexical access in production (Dell, Schwartz, Martin, Saffran, & Gagnon, 1997; Schwartz, Dell, Martin, Gahl, & Sobel, 2006) . In the 15 years since its publication, the PNT has been used in many studies testing theories of production by investigating the distributions of aphasic picture-naming errors (e.g., Dell, Lawler, Harris, & Gordon, 2004; Dell, Martin, & Schwartz, 2007; Dell et al., 1997; Foygel & Dell, 2000; Kittredge, Dell, Verkuilen, & Schwartz, 2008; Nozari, Kittredge, Dell, & Schwartz, 2010; Schwartz et al., 2006) . Other studies using the PNT have examined conceptual representations (e.g., Buxbaum & Saffran, 2002; Saffran, Coslett, & Keener, 2003; Saffran, Coslett, Martin, & Boronat, 2003) , short-term memory (e.g., N. Martin & Ayala, 2004; Freedman, Martin, & Biegler, 2004) , and the effects of treatments on recovery of language function (e.g., Fridriksson et al., 2007; Jokel, Rochon, & Leonard, 2004; Leonard, Rochon, & Laird, 2008; Schwartz & Brecher, 2000) .
The PNT is a 175-item single-word picturenaming test developed for collecting a large corpus of naming responses from a standardized set of items. The pictured items were selected on the basis of their familiarity, name agreement, and good image quality (black-and-white line drawings of minimal complexity and confusability). Target names are all basic-level concepts (i.e., not subordinate or superordinate; no targeting of famous faces or landmarks) and cover a relatively wide range of word length (1 to 4 syllables), word frequency (1 to 2,110 tokens per million of printed English text; Francis & Kucera, 1982) , and semantic category (animals, body parts, clothing, food, furniture, tools, vehicles, etc.). Concept familiarity and name agreement are also reflected by the near-perfect (97% correct) naming performance of unimpaired controls (Dell et al., 1997; Roach et al., 1996) , and item-level responses from 20 control participants are included in the database for researchers interested in common errors. The details of test administration and scoring are described elsewhere (Roach et al., 1996) . A detailed scoring guide is provided in the documentation section of the database website along with a link to the PNT page (http://mrri.org/philadelphianaming-test), which contains all of the test materials, administration instructions, score sheets, scoring procedures, and so on. Basic psycholinguistic characteristics of each target word (lexical frequency, visual complexity, length, semantic category, etc.) are included in the web database. The database contains trial-level data for the PNT and PRT (Philadelphia Repetition Test; a word repetition test using the same set of 175 targets as the PNT). For each administration of each test, for each of the target items, the database contains a transcription (phonetic and orthographic) of the patient response (first complete attempt) and two different categorizations of the type of response. The first is a "conventional" response code that includes common response types (correct, semantic error, formal error, nonword, description, no-response, etc.) as well as less common response types (picture part, perseveration, abstruse neologism, etc.). The second is a narrower coding of response types that was developed in order to test the interactive two-step computational model of speech production (Dell & O'Seaghdha, 1991; Dell et al., 1997; Foygel & Dell, 2000) . This "model" response coding scheme only includes six response types: correct, semantic error, formal error, mixed error, nonword, and unrelated. In the model coding scheme, responses that do not fit these categories are left blank so that averaging will produce the normalized error proportions used to evaluate the model (see Dell et al., 2004; Schwartz et al., 2006) . For each administration of the PNT, the database also contains two sets of parameters derived from fitting the distribution of error types using the model. There are two sets of parameters because the model can be fitted by altering weight strength and activation decay parameters (w-d model) or by altering semantic and phonological weight strengths (s-p model); for details see Foygel and Dell (2000) and Schwartz et al. (2006) . Investigators wishing to apply the model to new data can access it at http://langprod. cogsci.uiuc.edu/cgi-bin/webfit.cgi.
Additional tests
In addition to the item-level PNT and PRT data, the database also contains patients' overall performance on a variety of ancillary psycholinguistic and neuropsychological tests. These tests were developed by different research labs and focus primarily on semantic and phonological word processing, short-term memory, and nonverbal (picture) semantics. There are no tests of written language processing or nonlanguage neuropsychological functions in the database. Although the database has been used in studies of lesion -symptom mapping (e.g., Schwartz et al., 2009 ), at present, it does not contain lesion data. The complete set of tests is listed in Table 1 , and brief descriptions of each test are provided in the Appendix (more details are available at the database website). The documentation section of the website includes the tests that we have permission to distribute with information for their use.
The web database will be updated periodically as data collection continues. Additional patients and test administrations will be added, so the patient and test descriptions provided here describe the initial database contents. Users should consult the online database documentation, which will contain the most current counts and descriptions.
DATABASE FUNCTIONS
This database is intended to spur basic and clinical research on the neuropsychology of language by providing easy access to results that can speak to a wide variety of research questions. Broadly, database queries can be formulated around three types of constraints: (a) patient characteristics such as aphasia subtype, education level, performance on short-term memory tests, and so on; (b) test item characteristics such as word frequency, semantic category, and so on; and (c) picture-naming performance characteristics such as formal errors, nonwords, descriptions, and so on. In addition to query constraints, the web-based interface allows specification of which data should be provided in the output and simple averaging and sorting tools for organization of the output. The default output format is an easy-to-read table. Alternatively, the website can provide the output as a comma-separated-values simple text table that can be copied and read into standard data analysis and visualization software.
For example, a researcher may wish to examine whether the distribution of picturenaming errors differs as a function of aphasia subtype (i.e., select the error types and aphasia subtypes of interest for output, and average by aphasia subtype), or to look for specific patterns within aphasic nonword errors (i.e., constrain the search to nonword errors and then select test word and phonetic and/or regular-orthographic-response for output), or to investigate whether error types differ between semantic categories such as animals and vehicles (i.e., select the error types of interest and semantic category, and average by semantic category). These constraints can also be combined to answer more specific research questions: What kinds of descriptions are produced by patients who make many semantic errors? (Constrain patients to those who make a criterion number of semantic errors and responses to descriptions.) In addition to the tremendous power of item-level picturenaming data, the inclusion of other psycholinguistic tests in the database allows investigation of questions that are unrelated to picture naming. For example, how strong is the relationship between word recognition (i.e., lexical decision) and short-term memory? (Do not constrain the search, output anonymous subject ID, lexical decision, and short-term memory scores, and finally average by subject ID). Detailed documentation and user's guide, including a step-bystep how-to guide for performing searches, are available on the database website.
A recent paper, Nozari et al. (2010) , used the database to compare the influence of lexical frequency on aphasic naming and auditory word repetition. Most theories of word production associate frequency with the retrieval of phonological forms from an abstract lexical/semantic representation (e.g., Kittredge et al., 2008) . This frequency-sensitive processing step is clearly involved in naming, but does it also play a role in word repetition? If repetition is routinely carried out by a nonlexical route in which processing goes directly from input to output phonology, this frequency-sensitive step is bypassed, and, consequently, frequency effects should be much smaller in repetition than in naming. Alternatively, word repetition could be mediated by the access of an abstract lexical representation that is then pronounced using the same frequency-sensitive step as that involved in naming. Because the database contains both naming and repetition errors from the same items and patients, this question can be easily answered using its features. Specifically, Nozari et al. assessed nonword-error probability as a function of task (naming vs. repetition) and the lexical properties of the target item, which were obtained from the database (frequency, length, phonological density, imageability, name agreement). Only trials from patients without notable input processing deficits were selected, as determined from scores on such tests included in the database. Multiple logistic regression analyses on the individual trial data then revealed that, overall, the greater the target word's frequency, the smaller the chance of a nonword error. Critically, the frequency regression coefficients were equally large in naming and repetition, thus supporting the view that repetition is fully lexically mediated.
As this example application demonstrates, this database has proven to be a powerful tool for testing computational models (e.g., Dell et al., 2007; Nozari et al., 2010) and extending existing theories of language processing and language impairments (e.g., Kittredge et al., 2008; Mirman, 2011) , and we hope that making it public will accelerate further development of our understanding of the neural basis of language and other cognitive functions. 
Test
Sentence comprehension (Breedin & Saffran, 1999 ) † On each trial, the subject must indicate which of two pictures matches the spoken sentence. The distractor pictures are either "reversible" (patient and agent reversed) or "lexical" (action or character differs from the sentence). The test has two versions (A and B) consisting of different sentences. Value: percentage correct on 30 items of each type.
